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COMPOUNDS 

this Invention relates to compounds, to processes for their preparation, to 
compositions derived therefrom and to their use In Ink jet printing ("UP"). UP is a non- 
5 impact printing technique in which droplets of Ink are ejected through a find nozzle onto a 
substrate without bringing the nozzle into contact with the substrate. 

There etre many demanding performance requirements for dyes and inks used In 
UP* Fdr example they desirably provide sharp, non-feathered Images having good water- 
fastness, light-fastness and optical density. The Inks ere often required to dry quickly 
10 when applied to a substrate to prevent smudging* hut they should not form a crust over 
the tip of Ink jet nozzles because this will stop the printer from working, the inks should 
also be stable to storage over time without decomposing or forming a precipitate which 
could block the fine nozzles. 

' JP 58*174459 describes certain dis^zo dyes comprising once-coupled 1,8- 
15 dihydroxynapftthalene and their use in ink jet printing. 

JP 57-35693 and US 4,395,288 describe certain telra-azo dyes comprising 1,8- 
dlhydroxynaphthalene and their use in Inkjet printing. 

US 1 ,209,154; published to 1216, describes the synthesis of certain fris-azo dyes 
comprising a 1,8-dihydroxyriaphthalene group at one end and ? 1,3-diamfncbenzene 
20 g roup at jthe other end. These dyes are used for the conventional dyeing of cotton, 

Surprisingly it has been found that the tris-azo dyes of the present Invention have 
exceptional properties when used as InkJet Inks, producing prints of high optical density 
<OD) otf & neutral black with excellent light and ozone-fastness and high operabllity. 
According to the present invention there (s provided a process for printing an 
25 Image $£i a substrate comprising applying thereto a composition comprising a liq uid 
medium ;and a tris-azo compound of Formula <1) or salt thereof. 
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Formula (1) 

30 wherein: 

A is an optionally substituted alkenyl, a homocyclic or heterocyclic group; 

L 1 and L^are each Independently optionally substituted aryl or heteroaryl; and 
m dnd n are each independently 0 or 1 such that m+n Is 1 or 2; 
wherein? 

35 (E) the compound of Formula <1) Is optionally In the farm of a metal chelate; 

and 



(p at least one of L 1 and L 2 carries at least one substituent selected from 

sulpha, carboxy, Cv4-alkoxy and C^nalkoxy-OH. 
Preferably the composition is applied to the substrate by means of an Ink jet 
printer, tljie ink Jet printer preferably applies the composition to the substrate in the form of 
5 droplets .^fhich are ejected through a small orifice onto the substrate. Preferred' Ink jet 
printers are piezoelectric ink Jet printers and thermal ink Jet printers. In thermal ink jet 
printers, programmed pulses of heat are applied to the composition in a reservoir by means 
of a resistor adjacent to the orifice, thereby causing the composition to be ejected bi the 
form of small droplets directed towards the substrate during! relative movement between the 
10 substrate and the orifice. In piezoelectric ink jet printers the oscillation of a small crystal 
causes ejection of the composition from the orifice. 

The image Is preferably text, a picture, a photorealistic image or a combination 
thereof. 

The substrate is preferably paper, plastic, metal Or glass, more preferably a treated 
15 substrate such as a coated paper or coated plastic, especially plain paper. One of the 
advantages of the present process is Its ability to provide very good printing results even 
on plain p^aper. 

Preferred papers have an acid, alkaline or neutral character. Examples of 
commercially available treated papers include HP Premium Coated Paper™, HP 

20 Photopajjer™, HP Printing paper T * (available from Hewlett Packard Inc.); Stylus Pro 72D 
dpi Coated Paper™. Epson Photo Quality Glossy Film™, Epson Phot© Quality ©lossy 
Paper ™ (aiP available from Seiko Epson Corp.); Canon HR 101 High Resolution Paper™, 
Canon GP201 Glossy Paper™. Canon HO 1Q1and HQ201 High Gloss Rim™, Canon 
PR101 ™ (all available from Canon); Kodak Premium Photopaper, Kodak Premium 

25 InkJetpaper ™ (available from Kodak); Konlca InkJet Paper QP™ Professional Photo 

Glossy, Kbnica Inkjet Paper QP™ Professional Photo 2-sided Glossy. Konica Inkjet Paper 
QP™ Premium Photo Glossy Konlca Inkjet Paper QP™ Premium Photo Silky ™ (available 
from Konlca) and Xerox Acid Paper (available from Xerox). 

■ In this specification any groups shown In the free acid form also include the salt 

30 form. Furthermore the formulae shown in this specification cover all tautomers thereof. 

When the compound Of Formula (1) is In the form of a salt preferred salts are alkali 
metal salts, especially lithium, sodium and potassium salts, ammonium and substituted 
ammonium salts and mixtures thereof. Especially preferred salts are salts with ammonia 
and volatile amines. The free acid form may be converted Into a salt using known 

35 techniques. For example, an alkali metal salt may be converted into a salt with ammonia or 
an amine by dissolving an alkali metal salt of the composition In water, acidifying with a 
mineral acid and adjusting the pH of the solution to pH 9 to 9.5 with ammonia or the amine 
and removing the aikaK metal cations by dialysis. 
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Th$ preferred optionally substituted homocyclic or heterocyclic group groups 
represented by A are optionally substituted aryl, heteroaryl and non-aromatic cyclic 
groups. 

Preferred optionally substituted aryl groups represented by A, L and latere each 
Independently optionally substituted phenyl, biphenyl or naphthyl. In another embodiment 
of the present invention It Is preferred that A Is optionally substituted heteroaryl. Preferred 
optionally [substituted heteroaryl groups represented by A, L"* and L a are any hetemcycle 
or substituted heterocyde comprising a 5- te 7- membered ring- Similarly preferred nan- 
aromatic 1 heterocyclic groups represented by A comprising a 5- to 7- membered ring, 
preferably, comprising at least one double bond. 

Examples of heteroaryl groups include pyridyt, fUryl. thienyl. thiazotyl, isothiazolyi, 
imldazolyi, benzimldazolyl, pyradnyl, pyrimidyl. qulnolyl, Isoqulnolyl, benzofUryl, 
benzothienyi. pyrazolyl, indolyl, purinyl, Isoxazolyl, oxazolyt, thladiazolyl and ftjrazanyl 
groups. . 

. Examples of non-aromatic cyclic groups Include pyridonyl. pyrazolonylj plperidinyl. 
pipeiraziriyl, pynolidlnyl, morpholinyl. tetrahydrofuranyl, tetrahydrothlophenyl and 
tetranydropyranyl. with pyridonyl being especially preferred!. 

Preferred optionally substituted alkenyl groups are of the Formula (2) and tautomers 
thereof: 1 



formula (2) 

wherein; ; 

y is an electron withdrawing group; 

Y 1 ts H, alkyl. aryl. OR or N(R) 2 In which each R independently Is H, optionally 
substituted alkyl or optionally substituted aryl; and 

X 1 comprises at least one hetereatom selected from N, O and S; 

Y W preferably selected from CN, CO a H. C0 2 R, COM(R) a . COR and -SO^te In 
whtph each R independently is as defined above. When R Is optionally substituted alkyl It 
is preferably d-a-alkyl, more preferably C^lkyi. When R Is optldnally substituted aryl It 
is preferably phenyl or naphthyl, more preferably phenyl. When R is optionally substituted 
alkyl or aryl optional substiteents are preferably selected from wafer solublllslng groups, 
particulariy SOaH, SOsNrfe. COaH or POaHz and salts thereof 

When Y 1 Is alkyl It Is preferably Ci*-alkyl, more preferably C^-alkyl. When Y 19 

aryl H is preferably phenyl. 

Is preferably OR, C0 2 R or NR in which R Is as denned above. 

Mom preferably Y is C0 4 R\ Y 1 Is OR 1 and X 1 is OR' wherem each R independently 
isHorOWalkyK 
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Optional substituents which may be present an A , L 1 and L 2 are preferably selected 
from QHi SOaH. CN. carbonamldo, PO*H 2 . C0 2 H. NO& NH*. optionally substituted alKyl 
(especially d-palkyl optionally carrying a sulpho, carboxy. phosphato, Ci^-aikoxy. amino 
or hydroxy group), optionally substituted alkoxy (especially d^-alkoxy optionally cariylng 
s a suljihoj carboxy, phosphato. Cw-alkoxy. Ci^-alkyl. amino or hydroxy group), optionally 
substituted aryl .(especially phenyl or phenyl carrying from 1 to 3 substiuents selected .from 
sulpho, carboy, phosphate, Ci-t-altoxy. amino, hydroxy and N carrying one or two C«- 
alkyl groups optionally carrying a sulpho, carboxy, phosphato. C M -alkaxy, amino or 
hydroxy group), optionally substituted amine (especially N carrying one or two C^-alkyl 
10 groups optionally carrying a sulpho, carboxy. phosphato, Cw-alkoxy, amino or hydroxy 
group) and optionally substituted acylamlne (especially CWacylamlno). 

Inferably A carries from 0 to 5 substituents", more preferably 1 to 4 substituents, 
especially 1 , 2 or 3 substituents. In a preferred embodiment A is not 1.3-dlaminophenyl. 
' As examples of optionally substituted phenyl end naphthyl groups represented by 
is a there rjiay be mentioned 2,4-dihydroxyphenyl. 3^ulfi>4,e-dtaminophenyl. 2-hydroxy-4- 
diethylarhinophenyl 2-sutfo-4-dlethylaminophenyl l 1-hydroxy-3,e-disulphonaphthyl and 
1,8-djhyddQxy-3.6<lisul1briaphthyl. Preferred optionally substituted heteroaryl groups 
represented by A are any heferocycle or substituted heterocyde comprising a 5- to 7- 
menribenpd ring, more preferably optionally substituted pyridyi, pyrazolyl or 1 ,2,4-trlazoiyl. 
20 1 Preferably V and L 2 are each Independently, or comprise, one or more .arylene 

groups, more preferably one or two optionally substituted phenylene or naphthyiene 
groupis. ; When L 1 or L a Is, or comprises, more than one arylene group, the said arylene 
groups ate optionally connected by means of a covalent bond or group containing from 1 
to 10 atoms selected from O, S, N. C, H and combinations thereof, for example 
2S -CK-NR 5 *-, -NR^-CO-, -NR z COMR 2 -, -S-, ^SO-, -SOjr. -SOaNR 2 - or -C R^C R 2 wherein 
each R z Independently Is H or Ci^alkyU 

Preferably L 1 and L a are each independently optionally substituted phenylene or 
naphthyiene, wherein at least one of L 1 and L 2 carries at least one substituent selected from 
sulpho, carboxy, C^-alkoxy and CM^alkoxy-OK Preferably L 1 and L? each Independently 
30 camds from 0 to 3 substituents, more preferably 1 or 2 substituents. such that at least one 
of L"* and L 2 carries at least one substituent selected from sulpho and carboxy. Further 
preferably at least one of L 1 and L* carries at least one substftuent selected from C w -aIkoxy 
and C^-ralkoxy-OH 

Preferably L 1 carries a subsGtuent selected from sulpho and carboxy and 
35 L z carries at least one substituent selected from sulpho, carboxy Cw-alkoxy and Cn- 
alKoxy-Cjtt; i 

As examples of optionally substituted phenylene and naphthyiene groups 
represented by L 1 and L 2 there maybe mentioned 2-sulphophenyiene. 2-caiboxyphenylene. 
2,5-dlhydroxyethyloxyphenylene and 7-sulphonaphthylene. 
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When toe compound of Formula (1) is In the form of a metal chelate the. metal Is 
preferably ;Boroh or a transition metal, more preferably Mn, Fa, Cr, Co. Nl, Cu or Zn, 
especially Co, Ml or Co, The metal may be complexed with the compound of Formula (1) 
in a ratio of from 1 :2 to 2:1, preferably In a ratio of metal to compound of Formula (1) of 
1 :2, 2&v 1 11 , 2:2 or 2:1 , especially 2:1 . However we have found that when the compound 
of Formuja (1> Is not In the form of a metal chelate the compound is still a valuable 
colorant for ink jet printing, Such unmetallised dyes are cheaper and easier to make than 
the corresponding metal chelates and they are more environmentally friendly due to the 
absence idf. tor example, transition metals. 

P^ferabiy the compound of Formula (1 J is blade 

Bearing iri mind ihe above preferences, the compound of Formula (1) Is preferably 
of toe Formula (1) wherein: 

A is optionally substituted oyrldyl, furyl, thlenyl tolazoJyl. Isolhlazolyl. 

imldazolyl, benzlmldazolyl, pyrazinyl. pyrimidyi. qulnolyl, Isoqulnotyl. 
benzofUryl, benzothtenyl, pyrazolyt. indolyl, purtnyl, isoxazolyl, cwazoiyi, 
tofedlazolyl.furazanyl, pyridonyt. pyrazotonyl, plperldlnyl, piperazinyl, 
• pyrroMinyi.rnorohoHnyl.tetrahydroluranyl.tete^ 
fetrahydropyranyl; 

L 1 ^ phenyl or naphthyl optionally carrying a substftuent selected from sulpho 
and carboy; 

L a is phenyl or naphthyl carrying at least one substituent selected from sulpha, 

carboxy, C^-alkoxy and CM-alKoxy-OH; and 
m arid n , era each independently 0 or 1 such that m+n Is 1 of 2; 
wherein sjald optional substituents are selected from OH; SO&H; CN; carbonamldo; 
PO*rH 2 ; OOaH; N0 2 f NH 2 ; C^-alky! optionally carrying a sutoho, carbdxy, phosphate. C w - 
alkoxy, amino 6r hydroxy group; d^-alkoxy optionally carrying a sulpho, caibbxy. 
phosiphatp. C M -alkoxy, Ci*-alkyl, amino or hydroxy group; phenyl or phenyl carrying from 
1 to 3 sutoiluenis selected from sulpho. carboxy, phosphato, Cnf-alkoxy, amino, hydroxy 
and N carrying one or two Cw-alkyl groups optionally carrying a sulpho, carboxy. 
phosphato, On-elkoxy, amino or hydroxy group: N carrying one or two d-4-alkyl groups 
optionally carrying a sulpho. carboxy, phosphate, CM-altoky, amino or hydroxy group; 
and Ciwrat^lamino. 

According to a second aspect of the present invention there is provided a lrls-azo 
compound of Formula (1) or salt (hereof as hereinbefore defined, with the provisos that 
(0 toe cpinpound of Formula (1 ) is optionally in the form of a metal chelate; (fi) at least one 
of L 1 and' L a carries at least one substituent selected from sulpho, carboxy. C^alkoxy and 
CM-alko#y-OH; and (Hi) when V carries a methoxy group A is not 1 ,3-diaminophenyl. 

the preferences for the compound according to the second aspect of the present 
invention are as* described above in relation to toe first aspect of toe present Invention, with 



Ihe proviso that when both groups represented by L are free from sulpho, carboxy end 
alkoxy-OH groups then A Is not 1,3-dlamlnophenyl. 

In a preferred group of compounds according to the Invention at least one of the 
groups represented by L cantos at least one group selected from 

Abpordlng to a third aspect of the present Invention there is provided © composition 
comprising a tris-azo compound of Formula <1) or salt thereof as defined In relation to the 
first aspect of the present invention and a low melting point solid or a nquld medium 
comprising water and an organic solvent. Preferably the group represented by A in Ihe 
compound' of Formula (1) Is not 1,3-diaminophenyl- 

Irj one embodiment of the third aspect of the present Invention the compound of 
Formula {I ) is not of the formula shown In Example 8. 

The composition preferably comprises: 

(a) from 0t01 to 3D parts of a compound of Formula <1 ) or salt thereof as defined in 

relation to the first aspect of me present invention; and 
(bjfrom 70 to 99.99 parts of a low melting point solid or a liquid medium 
comprising water and an organic solvent; 
wherein ail parts are by weight and the number of parts of (a)+(b>=i00. 
the process preferably uses the aforementioned composition. 
The number of parts of component (a) is preferably from 0.1 to 20, more preferably 
from 0.5 to 15, and especially from 1 to S parts. The .number of parts of component (b) k 
preferablyfrom 89.9 to SO, more preferably from 99.5 to 85. especially from 99 to 95 parts. 

Preferably component (a) is completely dissolved in component (b). Preferably 
eomperidril (a) has a solubility in component (b) at 20°C of at least 10%. This allows the 
preparation of liquid dye concentrates which may be used to prepare inks and reduces, the 
chance df jthe dye precipitating if evaporation of the liquid medium occurs during storage. 

The weight ratio of water to organic solvent Is preferably from 99:1 to 1:99. more 
preferably: from 99:1 to 50:50 and especially from 95:5 to 80J20. 

It is preferred that tine organic solvent present in the mixture of water and organic 
solvent Is- a toafer-misdble organic solvent or a mixture of such solvents. Preferred water- 
w mlsclble organic solvents Include C^-alkanols, preferably methanol, ethanol, n-propanol. 
Isopropariol, n-butanol. seooutanel, terMautanol, n-pentanol. cyctoperrfanol and 
cydohexenol: linear amides, preferably dimethytformamide or dirnethylacetemide; ketones 
and ketone-aledhols. preferably acetone, methyl ether ketone, cyclohexanone and 
dlacstona alcohol: water-rrfscible ethers, preferably tetrahydroferan and dioxane; dlols. 
35 preferably dlols .having from 2 to 12 carbon atoms, for example pentane-1 ,5-dtol, ethylene 
glycol, propylene glycol, butylene glycol, pentylene glycol, hexylene glycol and thiodiglycol 
andi oiigo- and poly-aikyleneglycols, preferably diethylene glycol, triethytene glycol, 
polyethylene glycol and polypropylene glycol; .tools, preferably glycerol and 
1 2^exarietrtol; mono-tWelkyl ethers of dlols, preferably mcno-d-ralkyl ethers of diols 
having 2 to 12 carbon atoms, especially 2-melhoxyemanol. 2K2-rnethoxyethoxy)ethanol J 
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2-(2^tho$rethoxy)-ethanol 1 2^-{2nfrie*QX^ethc«y)ethoxylethanol l 2-j2-(2-ethoxyethoxy)- 
etho^HsHtenol and ethyieneglyool rnonoallylelher, cyclic amides, preferably 2-pyrrolidone, 
N-methyJ-2-pyrroHdone, N-ethyJ-2-pyrrolldone, caprolactam and 1<3-dlme1hylimIdazolidone; 
cyclic esters, preferably caprolactone; sulphoxldes, preferably dimethyl sulphoxlde and 
5 sulphiolarte* Preferably the liquid medium comprises water and 2 or more, especially from 2 
to 8< wateiH?olul>le organic solvents. 

• Especially preferred water-soluble organic solvents are cyclic amides, especially 2- 
pyrrolidoij^, W-rrtethyl-pynxjltddne and N-^thyl-pyrrolidons; dtols, especially 1,5-pentane dlol, 
ethyl^no^iycol, thlcdiglycol, diethyteneglycol and triethyleneglycol; and mono- Gwralkyl and 

10 C^-aikyl ethers of diols, mors preferably mono- C^-alkyl ethers of dtols having 2 Id 12 
carbon atoms, especially <(2-methoxy-2>«thoxy)-2-ethcxyethanol. 
Optionally the liquid medium comprises an oxidant. 
, Preferred low moiling point solids have a melting point In the range from B0°C to 
125 a C, Suitable low melting point solids include long chain fatly acids or alcohols. 

15 preferably those with Cuu*> chains, and sulphonamfcies. The compound of Formula (1) 
may tie dissolved in the low melting point solid or may be finely dispersed In it 

Typically the liquid medium will further comprise one or more surfactants, for 
example anion tc and/or nonionic surfactants. Examples of anionic surfactants include; 
Sulfonate surfaotante such as Sulfosucclnates (Aerosol™ OT, A196; AY and GP, available 

20 from CYTEC) and Sulfonates (Aerosol 1 * DPOS-45, OS available from CYTEC; 
Witconatei™ C-50H available from WITCO; Dowfax™ 8390 available from DOW); and 
Fluoro surfactants (Fluorad™ FC99C available from 3M). Examples of nonionic 
surfactants Include; Fluoro surfactants (Fluorad™ FC170C available from 3M); Alkoxyiate 
surfactarife (Tei^ltoP* series 15S-5. 15S»7, and 15S-9 available from Union Carbide); and 

25 OrganosSljcbhe surfactants (Siltoet™ L-77 and L-76-9 available from WITCO). 

• cine or moms buffers may optionally be Included In the liquid medium to modulate 
pH of th£iink. the buffers can be organic-based biological buffers or Inorganic buffers, 
preferably, oFganlo-bas©d. Examples of preferably-employed buffers Include 
tTis(Mydmivmethyl)aminorTiethane (TRIS)i available from companies such as Aidrlch 

30 Cheriitaajt (Milwaukee, Wis.), 4-moiphoUne ~ ethanesulfonfc add (WES), 4* 
morphoKnepropanesulfonic acid (MOPS), and beta-hydraxy'4-morpholinepropanesulibnte 
acid (M0PSO)- Further, the buffers employed should provide a pH ranging from about 3 
to about 9 In the practice of the Invention, preferably about 4 to about 6 and most 
preferably frbm about 4 to about 5, 

35 One or more of the biocides commonly employed In inkjet Inks may optionally be 

used in the ink, such as Nuosept™ 95, available from Huls America (Piscataway. NJ.); 
Propel™! IGXl, available from Zeneca (Wilmington, Del); and glutaraldehyde, available 
front Unfen Carbide Company (Bound Brook. N.J.) under the trade designation Ucarclde 
250. 
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' Inks according to the Invention may optionally also include one or more metal 
chelator. Such chelators are used to bind transition metal cations that may be present In 
the ink. Ekamples of preferred metal chelators Include: ethylenedlamlnatetraacetic acid 
("EDTA fl )j : dtethylenedtaminepentaacetic acid ("DPTA"), irans-1.2- 
s diamlnocyplohexanetetraacetlc add ("CDTA"), ethylenedJnitrilotetnaacetlc acid CEQTA"), 
or other chelators. 

fn. one embodiment Inks according to the invention have a pH of frdm about 3 to 
about 5, preferably from abolit 3.5 to about 4.5. In another embodiment the pH of the 
composition Is preferably lirom 4 to 11. more preferably from 7 to 10. Optionally the 

to composition comprises a buffer. 

'. the vissosiiy of the composition at 25°C te preferably less than 50dP, more 
preferably less than 20 cP and especially less than ScP. 

When the compositions according to the invention are used as Ink jet printing 
composhfcjns, Ihe composition preferably has a concentration of less than 600 parts per 

15 fhillbri. more preferably less than 100 parts per million of haiide ions. It is especially 
preferred, that the composition has less than 100, more preferably less than 50 parts per 
million of 'divalent and th'valent metals, wherein parts refer to parts by weight relative to ihe 
total weight of the composition. We have found that purifying the compositions to reduce the 
concentration of these undesirable ions reduces nozzle blockage in ink Jet printing heads, 

20 particularly, in thermal ink jet printers. Similarly low levels as divalent and trivalent metals 
are also preferred. 

The compounds of the invention may be used as the sole colorant in the 
compositions because of their attractive black shade. However, If desired, one may 
comBJne.the present compounds together and/or with one or more further colorants to 
25 reduce ridzzle blockage <by Improving their solubility) or If a slightly different shade is 
required for a particular end use. The further colorants are preferably dyes. When further 
colorants! are Included in the composition these are preferably selected from black, 
magenta, cyan and yellow colorants and combinations thereof. 

* Suitable further black colorants include CI.Food Black 2, CI.Direct Black 19, 
30 OI.ReaAe Black 31. PRCKlEt™ Fast Black 2, CI.Direct Black 105; CI.Direct Black 
168; and' black dyes described in patents by Lexmark (e.g. EP 0 539.178 A2, Example 1, 
2, 3, 4 arid 5), Orient Chemicals (e.g. EP 0 347 803 A2. pages o-6, am dyes 3, 4, 5, 6. 7. 
8, 12t< 13,14, 1 5 and 16) and Seiko Epson Corporation. 

; Suitable further magenta colorants Include PRO-JET 1 ** Fast Magenta* 2 . 
35 Suitable farther yellow colorants include CI.Direct Yellow 142; CI.Direct Yellow 

132; CIDirect Yellow 80; FRC-JET™ Yellow CAM; PRO-JET™ Fast Yellow 2; CI.Direct 
Yellow S|S5 CI. Direct Yellow 173: and CLAcid Yeitow23. 

Suitable further cyan colorants Include phthalocyanine colorants, CL Direct Blue 

1S0 and G.I. Add Blue 96. 
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Toe composition may also contain additional components conventionally used In 
Ink Jet printing inks, for example viscosity and surface tension modifiers, corrosion 
Inhibitors, blcddes, kogation reducing additives and surfactants which may be ionic or 
non-Ionic. 

S In' a fourth aspect of the invention we have also devised a process for the 

preparatiph of a compound of Formula (1) as hereinbefore defined which comprises 
diazotislrig an amine of Formula (3) and coupling the resultant diazonium salt with a 
compourid of Formula A-H: 

xo 




Formula (3). 

15 - The compound of Formula (3) may be prepared by diazotising a compound of 

Formula ; CH 3 CONH-L' 1 -N^N-L 2 -NH 2 arid coupling the resultant diazonium. salt onto a 
suitable 'i.S-dihydrcwy naphthalene compound, then removing the CH»CO group by 
hydrolysis 1 . The compound of Formula CH s CONH-l-' l -N^N-L 2 -NHa may be prepared by 
diazottstyg. an amine of formula CH 3 CONH-L 1 -NH a and coupling onto an amine of Formula 

20 H-L^NH* 

Preferably (he dlazotisattons are carried out using a dlazofising agent, especially 
sodium nitrite under acidic conditions. Further preferably the diazotlsations are carried out at 
a tertipei^ture of 0 to 5°C. In the above process A, L\ L a , m and n are as hereinbefore 
defined. 

25 ! A further aspect of the present Invention provides a paper, an overhead projector 

slide or a textile material printed with a composition, a compound or by means of a process 

acconJlngi to the present Invention. 

A still further as aspect of Hie present invention provides an Ink Jet printer cartridge. 

optionally refillable, comprising one or more chambers and a composition, wherein the 
30 composftlpn is present in at least one of the chambens and the composition is as defined in 

the fhird jaspect of the present invention. 

i"foe present compounds and compositions provide prints of attractive, neutral black 

shades thai are particularly well suited for the ink |et printing of text and images. The 

compositions have good storage stability and low tendency to block the very fine nozzles 
35 used In (rlk Jet printere. Furthermore, Ihe resultant images have good optical density, light- 

fastness:, wet-fastness and resistance to fading in the presence of oxidising air pollutants 

(e,g, ozone). 
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The invention is further illustrated by the following Examples In which all parts and 
percentages are by weight unless specified otherwise. The abbreviation "Ac? means 

Exantale.t 
Preparation oft 

0„ .OH 

^ r N HO. 





Proration of intermediate g R^t-f2^i^oxvethoxvlaniline. 

gfe fej - Preparation of 1.4-bls-f2^eetaxv^ h"^ vdflQOIjlnone 

H>idroquirionebte-(iZ-hydroxyethyl)ether (179g). acetic acid (100ml) and acetic 
anhydridei (300ml) were stirred and heated under reflux overnight After cooling to room 
tempieraiire and drowning Into water (21) the product was isolated by filtration, washed 
with yvatef. dried and recrystelitsed from ethanol to give 212g of product 

Stanifl - Preparation of 2.Nltrc>1.4-bls-^ eetoxtfathoXV^hvdroqulnorje 

' The product of step i {211-59) was dissolved in acetic acid (1800ml). .A mixture of 
nitrid aeidi (S1.9ml>and aceticadd (200ml) was then added over 20 minutes Keeping the 
temperature below 20*C. After stirring at room temperature overnight the solution was 
drowned into water (91) and the product isolated by filtration, washed with water end 
recrystaBised torn ethanol to give 20Sg of product. 

i 

ftte p- a ;jglrej2gja flSD gj 9-g-di-f?-acfttoxvethgxy)anning, 

1 i.Nitro-1>bM2.acetoxyethoxy)hydroqulnone (116b) was dissolved in etoanoUt 
50°C arid reduced with hydrogen in the presence of palladium catalyst (2g. 5%Pd/C)^ 
When uptake of hydrogen ceased the solution was ecreer^d to remove ^cate^and 
the iiftratas allowed to cool to room temperature. The crystalline solid was plated by 
ffltratiomand dried under vacuum to give 90g of product. 

^f w? >yrithoxvtenlline. 
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i 4-AmIno-3-sulpho$cetaniIide (174g; 0.6 mol) was stirred in water (2.fi[) at pH S and 
sodium nitrite (45,540; 0.66 mol) added. The sqlutlon was added to Ice/Water containing 
concentrated hydrochloric acid (180rnl) with stirring. 'After stirring for 1-Sh at less than 
10 B C the' excess nitrous acid was destroyed by the addition of sulphamie acid. 
2 f S-($-^ac^twyelhoxy)an{line (178.2g; 0,6mol) was dissolved to acetone (1000 ml) and 
added to the above diazonium salt suspension at 0-1 0°C followed by the slow addition of 
pyridine ($Gml). After stirring overnight at room temperature the precipitated product was 
filtered-ojtf, washed with water. The damp paste was then stirred in acetone; filtered and 
dried! (6&G) to give a an orange solid <2 1 0g; 64%). 

StaoS h^q - Preparation of bteazo intermediate 

i ♦ * 



Th£ morioazo product from Stage one (24.7Sg; O.OBrnol) was dissolved In water (300ml) 
with ^stirring at pH 10 to which sodium nitrite ( 6.90g; 0.1 mol ) and acetone (200ml) were 
added. The resulting mixture was then added to 0.1 OM hydrochloric acid (70ml) with 
stlrririg tit. mom temperature, After stirring for 1h, the excess nitrous add was destroyed by 
the addition of sulphamlc acid. The resulting diazonium salt was then added to a stirred 
solution at chrornotnoplc acid (2O.00g; O.OSmd) atO - 1Q C C at pH 7- 8 maintained by the 
addition of 2N lithium hydroxide when necessary. After stirring overnight the product Was 
precipitated by the addition of 25% (w/v) lithium chloride then filtered and washed with 
30% (w/i/j) lithium chloride solution. The resulting damp paste was suspended In water 
(7C0m1)£ind lithium hydroxide hydrate (2S.00g; 0.60mol) added and the solution heated at 
70°<b. After 3h the solution neutralised to pH 6 - 7 by the addition of concentrated 
hydnttchjpric- add. The product was precipitated by the slow addition bf 20 % (wAr) lithium 
chloride,, filtered and washed with 25% (w/v) lithium chloride solution. The damp paste 
was dissolved .In water and then dlaiysed to tow conductivily. The solution was evaporated 
to dryness (70 °C) to give a black powder <2S.Sg; 67%) 

Sta ge three- preparation of title dye 
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The amino, disazd impound from Stage Two (12.00g; 0.0158mol) was dissolved In water 
(250ml) w|th stirring at pH 9 to which calsolene oil (1ml) and sodium nitrite (1 .20g; 0.0174 
mol) Was added. The resulting solution was then added to ice t water (lOQg) containing 
concentrated hydrochloric acid (Sml) with stirring at 0 -10 B C . Afterstirring for 1h at 
0 -10*C the excess nitrous acid was destroyed by the addition of sulphamio acid. The 
routing diazonlum salt was added to a stirred solutton of 1-<4-sulphophenyl)-3-carboxy- 
5-pyrazotdne(6.39g; 0.19mol)inwater(100rol)at0- 10'C and then adjusted to pH 7. 
After stirring overnight the solution was poured into acetone (3i) with stirring, filtered and 
washed with acetone. The solid dissolved In water and dialysed to low conductivity to give 
after evaporation {80°C) a black powder <11,61g; 68.8%; % 612nm and an e.^ of 
82232? mass spectrum (M-H)-ve 1 037 ). 



The method of Example 1 was repeated except that in place of 4-amlno-3-sulpho 
aeetahlllde there was used 4-amino-3-carboxyacetanillde, The resultant compound had 
a % m at 802nm and an of 79.227. 



Exampje.q 
Preparatftjnof. 




Exarhotei3 
Preparation of: 





that in place of 

2 t 5-dKmethoxy]an1Ilne. Tnfe resultant 



compound had a X matateoinm. 



Example 4 
Preparation of: 



i • 

• i-uu-TorroTn-Ctni 




The method of Example 1 was repeated except that In place of 
2,5-d-{2-iacetoxyethoxy)anillne there wee used i-amino-7-sulpho naphthalene, 
s The resultant compound had a mu at 604 nm and an e ^ of 69,418. 

Examples. 5 to 1S 

Examples, 5 -to 15 shown in Table 1 were prepared by following the general method of 
Exampie-I, except that in place of 1-(4-sulphophenyl)-3-carboxy-S-pynazobne there was 
lfl used' the.oompound described in Column A of Table 1. 



Tabla 1 



"Ex 


i : ,A, 


Compound _ 




X™ x (nm) 


3 


i 

1-(4teulphtfphenyl)- 
• #-methyl«9- 
pyrazolone 


O OH HQ 


7*926 


604 


6 


e^rbltuiric add 




73364 


£04 


7 


1-Hydroxy-3 P 6- 

dteulpho 
.naphthalene 




87995 


$18 . 


$ 

1 


a^Carbamoyl- 

-6-hydroxy 
-M-^efbyl pyridone 


ft a-* V 01 


81232 _ 


601 



3d > I TO»' J 
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: A09toacetanillde 




61463 



611 



10 



dlethylamlno) 
phenol 




.82378 



612 



11 



3-antlrio-4-sulpho 
i " aniline 



nrl z 




61414 



609 



12 



• 3-piethylamlno 
Jjen^enesulphonlc 
■ acid 




81666 



600 



13 



'l.aitMhydroxy-S.B- 
' dtsulpho 
naphthalene 
KChromolro pto add) 




99665 



15 



/- OH * 



l-etFiyH^-dihydn)- 

ime<rjyl-2"QXO-3- 
pyr$iriecarbonltrile 



85064 



612 



7S.7BS 



610 



Examples 16 to 26 - Mixtures 

Thei following mixtures described in Table 2 may be prepared In which the bracketed 
numben the number of parts by weight of the relevant compound: 
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Tabled 
Example.. 


Compound (parts) 


Compound (parts) 




Example 


Sample 1 (0.91 


16 : 

17 . 


Example 4(1) 


&l. Direct Yellow 132 (0.1) 


13 .. .. 


Exampte 8(1) 


y^bip|e4tMM_ 


19 


Example 15 (1) 


Example 14 (1) 


90 ; 


Example 6(1) 


CI. Direct Blue 199(0.15) 


21 


Exampte 1 (1) 


Example 8(1) . 


22 


Example 8 (i) 


Pro-Jet™ Fast Black 2 (0-7) 


23 


Exampte 12 (1) 


Example 14(Q.6) 


24 . 


Example 8 (1) 


CJ. Direct YelloW 66 (0.12) 




Example 3(1) 


Example a (0.5) 


_ i- ■ » — — 

26 . 


Exampte 8(1) 




m : 


Exampte 1 (1) 




* ; " 


Exampte 4(1) 
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P^ntota 30 2 Ink Formulations , ^ . ^ mnniirlH 

Inks may; be prepared according to the following formulation wherein Dye Is Ihe compound 

or mixture torn each of the above Examples above: 
2'Pyrrolldone 5 parts 
Thtodlglycol 5 parts 

Surfynd™ 465 1 part (from Air Products Inc.. USA) 

Dye 3 parts 

Water ©6 parts 

Portlier Nto *«*»d *> Tables 3 eod 4 may be prepared wren* 
first eduirin b the campomnd or mixture made Inthe above Exwi** ■**••«» nun** 
ZSrt quoted h me aaoond cobmo or««d* refer* the number or parts of *» rclevam 
^rt andaU parts are by weisht Tt« I* reapplied to paper by toen^ or P «azo 

Inkjet pHritlhg. 

the following abbreviations are used In Table 3 and 4: 
P& - propylene glycol 
t>$G m dlethylene glycol 
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NfyfP = N-methyl pyrollidone 
, DWK dlmethylketone 
IPA^feopropanol 
MEOH^tsnetharioI 
2P » 2-pyrollidone 
MIE5K » methylisobutyl ketone 
P12 - prqpane-1 f a-diol 
BIpL = butane-2 l 3-dfo! 
CET= Trls(2-anrtlnoethyl)amlne buffer 

TBT =? tertiary butanol 
TDG = thlodiglycol 
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Claims 



1 . A process for printing en Image on a substrate comprising applying thereto a 
coinpc&ltibn comprising e liquid medium end a tris-azo compound of Formula (1 ) or salt 
thereof:. 



A-M=N-U— N=N— L?-N~ 




J 

Formula (1) 



whereih: 

A ' is an optionally substituted ancenyl, homocycllc or heterocyclic group; 

L 1 end ,L. 2 are each independently optionally substituted aryl or heteroaryl; and 
m and ri are each Independently 0 or 1 such that m+n is 1 or 2; 
whereih; 

(I) the compound of Fonriula (1) Is optionally bi the form of a metal chelate; 
and 

1 01) at least on© of L 1 and L? carries at least on# substituent selected from 
sulpho, carboxy, C,^alkoxy and Ci-4-alkoixy-OH, 

2. S A process according to claim 1 wherein the composition is applied to the substrate 
by meatjs of €in Ink jet printer. 

3. iA process according to any on© of the preceding claims wherein the Image Is Cext, 
a picture a photorealistic Inriage or a combfnatfon thereof. 

4. • Jk process according to any one of the preceding claims wherein the substrate is 
paper, plastfCi metal or glass. 

5. A process according to any one of the preceding claims wherein: 
A • is optionally substituted pyridyl, furyl, thlenyl, fchfazolyl, isothiasoiyf, 

imidazplyl, benztmidazolyl, pyrazinyl. pyrlrnldyl quinolyl^ Isocjuinolyl. 
benzofuryl, benzothlenyl, pyrazolyl, indolyl r purinyl, isoxazolyl, oxezolyl, 
fchiadiazolyl. ftirazanyl, pyrldonyl. pyrazolonyl, piperidlnyl, plperazinyl, 
pyrrolidinyif morphcllnyl, tetehydrofUranyl, tetrahydrothlophertyl or 
fetnahydropyranyl; 

L 1 * phenyl or naphthyl optionally carrying a subsiituent selected from sulpha 

and carboxy; 
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L 2 ig phenyl or naphthyi carrying at least one eubsfifuent selected: from sulpho, 

carboxy C-^-alkoxy and C M -aJkoxy-OH; and 
rn arid n aie each independently 0 or 1 such that rn+n is 1 or 2; 
whefein, said optional substituents are selected from OH; SO3H; CN; carbonarnido; 
5 POgH* dO z H; NO a ; MH 2 ; C^-alkyl optionally carrying a sulpho, carboxy, phosphate, Ci-*- 
aikoxy, amino or hydroxy group; C^alkoxy optionally carrying a sulpho, carboxy, 
phosipheto* Ct^-alkoxy. Ciwr-alkyl, amino or hydroxy group; phenyl or phenyl carrying from 
1 to 3 subetiuents selected from sulpho, carboxy, phosphate, C^alkoxy, amino, hydroxy 
and.N carrying one or two d^-alkyl groups optionally carrying a sulpho, carboxy, 
10 phokph&io, C^-alkoxy, amino or hydroxy groups N carrying one or two C^-alkyl groups 
optfonafly carrying a sulpho, carboy, phosphate, Ci^-alkoxy, amino or hydroxy group; 
andiC^acylamino. 
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6, A tris-azo compound of Formula (1) or salt thereof: 

• « 



Formula (1> 



wherein; 

A . is an optionally substituted; alkenyl, homocyclic or heterocyclic group; 

L 1 and L 2 are each independently optionally substituted aryi or heteroaryl; 
m and ri are each independently 0 or 1 such that m+n Is 1 or 2; and 
25 with; the provisos ttiat (i) the compound of Formula <l ) is optionally In the form bf a metal 
chelate; (ii) at least one of L1 and L2 carries at feast one substituent selected from sulpho. 
carbbxy, ci-4-alkoxy and C1-4-elkotxy-OH; and (iii) when L 1 carries a methoxy gnsup A is 
not .1,3-aiaminbphenyl. 

3d 7. ' A compound according to claim 6 wherein A is optionally substituted pyridyl, furyl, 
thiehyl, flilazolyt, isothiazolyl, tanidazoly], benzimidazolyl, pynazlnyi, pyrtmidyl, quinolyl. 
isoduinolyl, benzofuryl, benzothlenyl, pyrazolyl. indolyl, purinyl, isoxa^olyl. oxazolyl. 
thJadlaidlyl; furazanyl, pyridonyl, pyrazolonyl, piperidinyl, piperazinyl. pytrolidlnyl, 
morphoiinyl. tetrahydrofuranyl, tetrahydrothiophenyl or tetrahydropyranyl. 



8. . A compound according to claim 6 wherein A Is optionally substituted pyridonyl. 
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9. .A compound according to any one of claims 6 to 8 wherein the optional 
substiuents are selected from OH; S0 3 H; QJM; carbongmldo; PO£i£ C0 2 H: N0 2 ; NHg: C*, 
4-alkyl optionally carrying a sulpho, carboxy, phosphate, C^-alkoxy, amino or hydroxy 
group; tiiuralkoxy optionally carrying a sulpho, carboxy, phosphato, Cn-alkoxy. CwaHqA 
amino pf hydroxy group; phenyl or phenyl carrying from 1 to 3 substiuents selected from 
sulpho,i carboxy, phosphate, GM-alkoxy. amino, hydroxy and N carrying one or two Cw , 
alkyl groups optionally carrying a sulpho, carboxy, phosphato, C M -alkoxy, amino or 
Hydroxy group; N carrying one or two d^-alkyt groups optionally carrying a sulpho, 
carboxy • phosphato, d-»-alkoxy r amino or hydroxy group; and C^-acylamlno. 

10. '. A compound according to any one of claims 6 to © wherein L* is phenyl or naphthyl 
optionally carrying a substituent selected from sulpho and carboxy. 

1 1 . 1 A cicrripound according to any one of claims 6 to 10 wherein L 3 te phenyl or naphthyl 
caring at least one substituent selected from sulpho, carboxy G^ralkaxy and Cur 
aikoxy-0H. 

12. fii cpmpound according to any one of claims 6 to 11 wherein L a is phenyl or 
carrying! two sUbstltuente selected from C^-alkaxy-OH. 

1 3v " A compound according to claim 6 wherein: 

A • is optionally substituted pyridyL furyl, thienyl, thiazolyl, isothiazolyl, 

imidazolyl. benzimldazolyi, pyrazinyl. pyrirnidyl, qulnolyl. Isoquinolyl, 
benzofUryi, benzothienyl. pyrazolyl, indolyl, purinyt, Isoxazolyl. oxazolyl, 

1 thtadiazolyl, furazanyl. pyridonyi. pyrazolonyi, piperidinyl, pfperazinyl, 

pyrrolidine, morphoHnyl, teirahydrofuranyl, tetrahydrothiophenyi or 

; tefrahydropyranyl; 

0 phenyl or naphthyl optionally carrying a substiluent selected from sulpho 
, and carboxy. 

L z is phenyl or naphthyl carrying at least one substiluent selected from sulpho, 

carboxy C^lkoxy and d-4-alkoxy-OHi and 
m arid rf ere each Independently 0 or 1 such that m+n Is 1 or 2; 
whe^fn, said optional substltuents are selected from OH; SO a H; CN; carbohamldo: 
POsHs! CQzH; NO z ; NH^ C^-alkyl optionally carrying a sulpho, carboxy, phosphato, Cm- 
alkojiy, amino ojt hydroxy gnoup; Ci^-alkoxy optionally carrying a sulpho, carboxy, 
phosphato. Cu-aikoxy, Cw-aftyl, amino or" hydroxy group; phenyl or phenyl carrying from 

1 to 3 substiuents selected from sulpho, carboxy, phosphate, Ciu-aikoxy, amino, hydroxy 
and-N carrying one or two C M -alky) groups optionally carrying a sulpho, carboxy, 
phosphato, CM-^lkoxy, amino or hydroxy group; N carrying one or two Cn-alkyl groups 
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optionally carrying a suipho, carboxy, phosphate, C w .<alkoxy, amino or hydroxy group: 
and C^acylamino. 

i 

14. A compound as defined In any one of the Examples described herein. 

15. 1 A composition comprising a compound of formula (1) or salt thereof as defined in 
claim 1 -and a low melting point solid or a liquid medium comprising water and an organic 
solvent 

» 

16. , A composition according to claim 16 wherein the compound of Formula (1) Is as 
defined. In any one of claims 6 to 14. 



1 7. A composition according to claim 15 or 16 which has a concentration of less than 
500 parts per million of halide Ions, wherein parts refer to parts by weight relative to me 
15 total weight of the composition. 

16. A compdsMon according to claim any one of claims 15 to 17 which has less than 
50 part# per million of divalent and trivaienl metals, wherein parts refer to parts by weight 1 
relative to the total weight of the composition, 
20 i 

19. . A paper, an overhead projector slide or a textile material printed with a composition 
acccffdiiig. to dalm 1 5, 16, 1 7 or 1 8 or a compound according to any one of claims 6 to 14 or 
by meaijis of a process according to any one of claims 1 to 5. 

25. 20. An Ink jet printer cartridge, optionally refillable. comprising one or more chambers 

and a composition, wherein the composition is present In at least one of the chambers and i 
the .composition is as defined in any one of claims 1 5 to 1 S. • 



30 



21, . Use of a compound of Formula <1) t as defined in claim 1, in ink jet printing. 
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